We explicitly construct N = 10 Chern-Simons gaged supergravity in three dimensions with non-semisimple gauge group SO(5) ⋉ T 10 . The gauge group is embedded in E 6(−14) which is the isometry group of the 32-dimensional scalar manifold E 6(−14) /SO(10)×U(1). The resulting theory is on-shell equivalent to SO(5) Yang-Mills gauged supergravity coming from dimensional reduction on S 1 of SO(5) N = 5 gauged supergravity in four dimensions. We discuss the spectrum of the corresponding reduction. The SO(5) ⋉ T 10 gauged supergravity, describing the reduced theory, admits a 1 2 -BPS domain wall vacuum solution whose explicit form is also given. This provides an example of a domain wall in non-maximal gauged supergravity.
Introduction
Chern-Simons gauged supergravity in three dimensions has a very rich structure due to the duality between scalars and vectors in three dimensions. There are many possible gauge groups since there is no restriction on the number of vector fields that act as gauge fields [1, 2] , or equivalently, no restriction on the dimension of the gauge group provided that it can be embedded in the global symmetry group and consistent with supersymmetry. Any number of vector fields can be introduced via Chern-Simons terms which do not give rise to extra degrees of freedom. The theory is also useful in the study of AdS 3 /CFT 2 correspondence, see for example [3] for a nice review.
To understand AdS 3 /CFT 2 correspondence in the context of string/M theory, the embedding of three dimensional gauged supergravity in ten or eleven dimensions is required. The usual procedure to obtain lower dimensional supergravities from higher dimensional theories is the Kaluza-Klein (KK) dimensional reduction. The general Uduality covariant formulation of three dimensional gauged supergravities is in the form of Chern-Simons theory in which the gauge fields enter the Lagrangian through the Chern-Simons terms [4] . On the other hand, dimensional reductions result in YangMills type gauged supergravity in which gauge kinetic terms are in the form of conventional Yang-Mills terms. The known class of Chern-Simons gauge groups that gives equivalent Yang-Mills type theory is of non-semisimple type [5] . Any Yang-Mills type Lagrangian can be rewritten in the Chern-Simons form by introducing two gauge fields and a compensating scalar for each Yang-Mills gauge field. This makes non-semisimple gauge groups more interesting in finding effective theories of string/M theory in three dimensions.
Some embeddings of three dimensional gauged supergravities into higher dimensions have appeared so far. These examples include N = 2, 4, 8, 16 gauged supergravities from reductions on spheres and Calabi-Yau manifold in [6, 7, 8, 9, 10, 11, 12] and recently various N = 2 theories from wrapped D3-branes of [13] . In this paper, we will give another example of this embedding namely N = 10 gauged supergravity with SO(5) ⋉ T 10 gauge group. Due to the above mentioned equivalent between ChernSimons and Yang-Mills type gauged supergravities, this should potentially describe N = 5 gauged supergravity in four dimensions with gauged group SO(5) reduced on S 1 . The latter has been constructed in [14] . It has been shown in [15] that the theory admits two AdS 4 critical points, an N = 5 supersymmetric point with SO(5) gauge symmetry and a non-supersymmetric point with SO(3) residual gauge symmetry. The theory has also been studied in the context of holographic superconductor in [16] . The non-supersymmetric critical point is perturbatively stable with all mass-squares above the BF-bound.
Unlike the four dimensional analogue which has maximally supersymmetric AdS 4 ground state, we will find that the reduced theory in three dimensions admits only a 1 2 -BPS domain wall as a vacuum solution. This is in contrast to compact and noncompact gaugings of the same theory studied in [17] that admits maximally supersymmetric AdS 3 critical points. The loss of supersymmetry after S 1 reduction has been pointed out in the context of non-semisimple gaugings in three dimensions in [10] . A general result on S 1 reduction of AdS spaces has been given in [18] . There are many known 1 2 -BPS domain walls in higher dimensional gauged supergravities, see for example [19, 20, 21, 22, 23, 24] as well as in lower dimensions, see [25] and [26] for threeand two-dimensional solutions. These domain walls are important in the context of the DW/QFT correspondence [27, 28, 29] which is a generalization to non-conformal field theories of the original AdS/CFT correspondence [30] . They are also useful in the study of domain wall/cosmology [31, 32, 33] .
The paper is organized as follow. In section 2, we review the general structure of N extended gauged supergravities in three dimensions including all relevant formulae and notations. The SO(5) ⋉ T 10 gauged supergravity and the associated domain wall solution are discussed in section 3. We then discuss possible higher dimensional origin of the resulting theory from S 1 dimensional reduction of N = 5 SO(5) gauged supergravity in four dimensions. We finally give some conclusions and comments in section 5 . All details and explicit calculations are given in appendix A. In appendix B, we will explore possible non-semisimple gauge groups of N = 9 gauged supergravity in three dimensions. 2 . N = 10 gauged supergravity in three dimensions with nonsemisimple gauge groups
Before going to the detail of the construction, we briefly review the general structure of three dimensional gauged supergravities and apply it to the construction of N = 10 gauged supergravity with non-semisimple gauge group SO(10) ⋉ T 10 . We will keep the number of supersymmetry to be N for conveniences and later set N = 10. In general, the matter coupled supergravity in three dimensions is in the form of a non-linear sigma model coupled to supergravity. For N > 4, supersymmetry demands that the scalar target manifold must be a symmetric space of the form G/H in which G and H are the global symmetry group and its maximal compact subgroup, respectively [34] . In particular, for N > 8, supersymmetry determines the scalar manifold uniquely. In the present case of N = 10, the scalar manifold is given by the coset space E 6(−14) /SO(10)× U(1) which is a 32-dimensional Kahler manifold.
Coupling of the sigma model to N-extended supergravity requires the presence of N − 1 almost complex structures f P , P = 2, . . . , N on the scalar manifold. The tensors
, I, J = 1, . . . , N, constructed by the relation
generate the SO(N) R-symmetry in a spinor representation under which scalar fields transform. On symmetric scalar manifolds of the form G/H, the maximal compact subgroup H = SO(N) × H ′ contains the R-symmetry SO(N) and another compact subgroup H ′ commuting with SO(N). In N = 10 theory, the group H ′ is simply
The global symmetry group G is characterized by the following algebra
The tensors f IJ are related to SO(N) gamma matrices, Γ
I AȦ
in which A andȦ label spinor and conjugate spinor representations, respectively, by 
which will be useful later on. e Gaugings of supergravities in various space-time dimensions are efficiently described in a G-covariant way by the so-called embedding tensor formalism [1] . In essence, the embedding tensor Θ MN is a symmetric gauge invariant tensor that acts as a projector from the global symmetry group G to a particular gauge group. Gauge covariant derivatives describing the minimal coupling of the gauge fields A M µ to other fields also involve the embedding tensor. For example, the covariant derivative on scalar fields is given by
where X N i are Killing vectors generating isometries on the scalar manifold and g is the gauge coupling constant.
In order to define a viable gauging, the embedding tensor has to satisfy the so-called quadratic constraint
which is the requirement that the gauge generators Θ MN t N form a closed algebra, or equivalently the gauge group is a proper subgroup of G. Furthermore, for supersymmetry to be preserved in the gauging process, the embedding tensor needs to satisfy the projection constraint
This condition comes from supersymmetry, but it should be noted that the constraint in this form is obtained by regarding the scalar manifold to be a symmetric space.
It is useful to introduce the T-tensor given by the moment map of the embedding tensor by scalar matrices V M A , obtained from (2.4),
(2.9)
The T-tensor transforms under the maximal compact subgroup H and consists of various components such as T IJ,KL , T IJ,A and T A,B . Since fermions transform under H, the fermion couplings will be written in term of the T-tensor or linear combinations of its components as we will see below. For any supersymmetric gauging, supersymmetry requires only that the T-tensor satisfies the projection
where ⊞ is the Riemann tensor-like representation of SO(N). In the case of symmetric scalar manifolds which are of interest in this paper, this constraint can be lifted to the constraint on the embedding tensor given in (2.8) in which the G-representation R 0 , branched under SO(N), contains ⊞ representation of SO(N). Any subgroup of G whose embedding tensor satisfies the above constraints is called admissible gauge group. In general, gaugings need some modifications to the original ungauged Lagrangian by fermionic mass-like terms and a scalar potential, at order g and g 2 , respectively.
Also, the supersymmetry transformation rules need to be modified at order g. In what follow, we will need the scalar potential and fermionic supersymmetry transformations. They are written in terms of the A IJ 1 and A IJ 2i tensors which are in turn constructed from various components of the T-tensor
The scalar potential is simply given by
The metric g ij on the target manifold is related to the vielbein by g ij = e
A i e A j . We also note here that the quadratic constraint (2.7) can be written in terms of A as 2A
14)
The fermionic field content of the N extended supergravity in three dimensions consists of N gravitini ψ fields χ iI . The latter is written in an overcomplete basis and subject to the projection constraint
giving rise to d independent χ iI fields. The fermions χ iI can be redefined such that they transform in a conjugate spinor representation of SO(N) via [4] 
The corresponding supersymmetry transformations are as follow:
17)
where only relevant terms are given and
Gauge groups of interest to us are non-semisimple groups of the form G 0 ⋉ T dim G . The translational symmetry T dim G consists of dim G commuting generators which transform as an adjoint representation under G 0 . This type of gauge groups gives rise to the on-shell equivalent Yang-Mills gauged supergravity coming from dimensional reductions of some higher dimensional theory. The G 0 ⋉ T dim G gauge group whose generators are respectively J m and T m , m = 1, . . . , dim G is characterized by the following algebra
where f mn k are G 0 structure constants. We will denote the G 0 and T dim G parts of the gauge group by a and b, respectively. As shown in [5] , the corresponding embedding tensor consists of two parts, one with the coupling between a and b types Θ ab and the other with the coupling between b and b types Θ bb . The full embedding tensor can be written as
with g 1 and g 2 being the coupling constants. Supersymmetry constraint (2.8) may impose some relation on g 1 and g 2 such that eventually there is only one coupling. Both Θ ab and Θ bb are given by the Cartan-Killing form of G 0 , η
mn , which is non-degenerate since G 0 is semisimple. The above information is sufficient for our discussion in this paper. The interested readers are invited to consult [4] and [5] for more a detailed discussion about three dimensional gauged supergravity with non-semisimple gauge groups.
SO(5)
⋉ T 10 gauged supergravity and 1 2
-BPS domain wall solution
In this section, we explicitly construct N = 10 gauged supergravity with SO(5) ⋉ T 10 gauge group. We begin with the scalar manifold E 6(−14) /SO(10) × U(1) and use E 6 generators given in [35] and [36] . The non-compact form E 6(−14) is constructed by using the "Weyl unitarity trick". We follow the same construction and notation as in [17] to which we refer the readers for more details.
The 78 generators of E 6 constructed in [36] are labeled by c i , i = 1, . . . , 78. The SO(10) R-symmetry is generated by c i , i = 1, . . . , 21, 30, . . . 36, 45, . . . , 52, 71, . . . , 78 andc 53 . We need to relabel these generators to the form of T IJ in our SO(N) covariant formalism. This has already been done in [17] , but we will repeat it in appendix A for convenience. The group H ′ = U(1) is generated byc 70 whose definition and that ofc 53 can be found in appendix A. The non-compact generators can be identified as
We can then use (2.2) to extract the tensors f IJ whose components are computed by
Notice that the generators have normalizations Tr(T IJ T IJ ) = −6 and Tr(Y A Y A ) = 6, no sum on IJ and A.
We now construct generators of the gauge group SO(5) ⋉ T 10 . This group is embedded in USp(4, 4) ⊂ E 6(−14) . The maximal compact subgroup USp (4) In this decomposition, we see that there are two singlets under SO(5) diag . The adjoint representation 10 + and 10 − will be used to construct the translational generators of
The explicit form of the corresponding gauge generators are as follow. The SO(5) diag generators are given by
while the T 10 generators are found to be
whereỸ ij are given in appendix A. The embedding tensor is of the form
where Θ ab and Θ bb are given by the Cartan-Killing form of SO(5). The supersymmetry constraint requires g 2 = 0 meaning that there is no coupling among T 10 generators. This is similar to N = 16 and N = 8 theories with SO(8) ⋉ T 28 gauge group studied in [10, 25] .
We are now in a position to study the scalar potential of the resulting gauged supergravity. Following the technique of [37] , we begin with scalar fields which are singlets under the semisimple part of the gauge group, SO(5). They are given by 1 ± in (3.4) and correspond to the non-compact generators
Accordingly, the coset representative is parametrized by where we have denoted g 1 simply by g. The presence of the e a factor implies that the potential has no critical point. We then expect the vacuum solution to be a domain wall.
To find a domain wall solution, we adopt the usual domain wall ansatz for the metric
The supersymmetry transformation of χ iI , δχ iI = 0 from equation (2.18), gives the following equations 
We will now impose the projection conditions γ r ǫ I = −ǫ I for I = 1, . . . , 5 and γ r ǫ I = ǫ I for I = 6, . . . , 10. ǫ I has two real components. The projectors then reduce the supersymmetry by a fraction of 1 2 . With these two projectors, we end up with two independent equations
The supersymmetry variation of the gravitini ψ where we have used the spin connection ωνr µ = A ′ δν µ withμ,ν = 0, 1. We see from (3.18 ) that supersymmetry demands b = 0. Equation ( 3.16 ) is now trivially satisfied, and equation (3.17) becomes
The solution is easily obtained to be
where C 1 is an integration constant. Substituting into equation (3.19) gives
whose solution is, with another integration constant C 2 ,
As in other solutions of this type, the residual supersymmetry is generated by the Killing spinors given by ǫ i = e The two integration constants C 1 and C 2 can be set to zero by shifting the coordinate r and rescaling the coordinates x µ . We can also write down the solution in the form of warped AdS 3 by introducing the new coordinate ρ via ρ = − 1 4g 2 r in term of which the metric becomes
We end this section by considering subgroups of SO (5) 
It can be checked that both of them are not admissible.
Higher dimensional origin
In this section, we discuss higher dimensional origin of the SO(5) ⋉ T 10 N = 10 gauged supergravity constructed in the previous section. By the general result of [5] , this theory is on-shell equivalent to the SO(5) Yang-Mills gauged supergravity which can be obtained from S 1 reduction of N = 5 gauged supergravity in four dimensions with SO(5) gauge group. The four dimensional theory has been constructed in [14] and can be obtained as a truncation of the maximal N = 8 gauged supergravity. In the notation of [14] , the field content of this theory contains one graviton e If we reduce this theory on S 1 along the x 3 direction, we find the following fields in three dimensions. The metric g M N gives the non-dynamical three dimensional metric g µν , the graviphoton g µ3 and a scalar g 33 . The SO(5) gauge fields result in the three dimensional gauge fields of the same gauge group A ij µ and ten scalars A ij 3 transforming in the adjoint representation of SO (5). Finally, the ten scalars (φ i , φ i ) obviously become the three dimensional scalars.
A spinor in four dimensions give rise to two spinors in three dimensions. We then obtain ten gravitini ψ fields from the reduction of χ ijk and χ 678 , respectively. In three dimensions, the metric and gravitini do not have any dynamics. We then find 32 fernionic on-shell degrees of freedom from (ψ i 3 , χ 678 , χ ijk ). We can also dualize A ij µ and g µ3 to 10 + 1 scalars. All together, we end up with 32 scalars from (
. This is the same as in N = 10 gauged supergravity.
We give SO(5) gauge representations of the reduced fields in table 4 from which we have omitted the non-dynamical fields g µν and ψ to emphasize their four dimensional origin. We now consider the representation of the 32 scalars in E 6(−14) /SO(10) × U(1) coset space under the SO(5) part of the gauge group. Recall that under SO(10) × U(1), the scalars transform as 16 (10), we find
We find perfect agreement with table 4. Reference [38] is very useful in this decomposition. In the formalism of [4] , the fermions χȦ transform as 10 + + 10 − under SO(10) × U(1). Similar decomposition gives 2 × (1 + 5 + 10) under SO(5) gauge group. This is again the representations obtained from S 1 reduction shown in table 4 . The result of [39] suggests that three dimensional supergravity with E 6 coset manifold can be obtained from dimensional reduction on a torus, S 1 in the present case, of a supergravity theory with A 5 coset manifold in four dimensions. Reference [39] consider only maximally non-compact E 6 and other types Lie groups. The result here should provide an example of a non-maximally non-compact E 6 (E 6(−14) ) coset obtained from a non-maximally non-compact A 5 SU(5, 1) coset in four dimensions. Furthermore, the general formulae for toroidal reductions given in the appendix of [39] should also be applicable in this case.
Conclusions and discussions
In this paper, we have constructed N = 10 SO(5) ⋉ T 10 gauged supergravity in three dimensions. We have found that the resulting theory admits a 1 2 -BPS domain wall as a vacuum solution. The solutions preserves N = (5, 5) Poincare supersymmetry in two dimensions with ten supercharges. The solution is similar to the domain wall from the S 7 compactification of type II string theory discussed in [40] . This solution is the vacuum solution of the maximal N = 16 SO(8) ⋉ T 28 gauged supergravity. The solution given here provides an example of a domain wall in non-maximal gauged supergravity and might be useful in the DW/QFT correspondence as well as its applications.
We have also discussed possible higher dimensional origin of this theory. This is given by S 1 reduction of N = 5 SO(5) gauged supergravity in four dimensions. We have found that the spectrum of the reduction matches with the constructed three dimensional gauged supergravity. If the N = 5 four dimensional theory is reduced on S 1 /Z 2 , it could give rise to N = 5 gauged supergravity in three dimensions. Indeed, the latter in general has scalar manifold USp(4, k)/USp(4) × USp(k) [34] . We have seen that the SO(5) ⋉ T 10 gauge group is embedded in USp(4, 4) ⊂ E 6(−14) . We then expect that N = 5 SO(5) gauged supergravity in four dimensions reduced on S 1 /Z 2 should give N = 5 SO(5) ⋉ T 10 gauged supergravity in three dimensions with scalar manifold USp(4, 4)/USp(4) ×USp(4) containing 16 scalars. It turns out that the latter theory admits SO(5) ⋉ T 10 gauge group. The details will be reported in subsequent work [41] . Unlike the N = 10 theory, the N = 5 truncation admits maximally supersymmetric Due to the similar structure as in the above examples, we would like to briefly discuss the case of N = 12 gauged supergravity. The scalar manifold is the 64-dimensional quaternionic manifold E 7(−5) /SO(12)×SU(2). The gauge group should be SO(6)⋉T 15 embedded in SU(4, 4) ⊂ E 7(−5) . The SO(6) is again identified as SO(6) diag ⊂ SO(6) × SO(6) ⊂ SO(12). The 64 scalars transform under SO(12)×SU(2) as (32, 2) and under SO(6) × SO(6) × SU(2) as ((4,4) + (4,4), 2). Then, under the SO(6) part of the gauge group, we find the representation for scalars ((4 ×4 + 4 ×4), 2) = (1 + 15 + 1 + 15, 2). The non-compact generators in the 15 should combine with SO(6) × SO(6) generators to form the T 15 part of the gauge group. The fermions transform as (32, 2) under SO(12) × SU(2) and ((4, 4) + (4,4), 2) under SO(6) × SO(6) × SU(2). Under SO(6), they transform as (10 + 6 + 10 + 6, 2).
We now consider S 1 reduction of N = 6 SO(6) gauged supergravity in four dimneions which is also a truncation of N = 8 SO(8) gauged supergravity [42] ABC , χ A ) transforming under SO(6) as 2 × (6 + 10 + 10 + 6) which are indeed the same as those in N = 12 theory. The factor of 2 comes from the fact that a four dimensional spinor gives two three dimensional spinors.
Finally, similar to the discussion in the N = 5 case, we expect that the S 1 /Z 2 reduction should give N = 6 SO(6) ⋉ T 15 gauged supergravity on three dimensions with scalar manifold SU(4, 4)/S(U(4) × U(4)) whose compact and non-compact gauge groups have been explored in [43] . The possibility of non-semisimple gauge groups is under investigation [41] .
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A. Useful formulae and details
In this appendix, we give some details of N = 10 gauged supergravity with SO ( B. Non-semisimple gauging of N = 9 gauged supergravity in three dimensions
